In the yeast Kluyveromyces marxianus two forms of inulinase were present, namely, an inulinase secreted into the culture fluid and an inulinase retained in the cell wall. Both forms were purified and analyzed by denaturing and nondenaturing polyacrylamide gel electrophoresis. With the use of endo-ID-N-acetyl-glucosaminidase H, it was established that the enzyme retained in the cell wall and the enzyme secreted into the culture fluid have similar subunits consisting of a 64-kDa polypeptide with varying amounts of carbohydrate (26 to 37% of the molecular mass). The two forms of inulinase differed in size because of their differences in subunit aggregation. The enzyme present in the culture fluid was a dimer, and the enzyme retained in the cell wall was a tetramer. The differences in oligomerization did not affect the apparent Km values towards the substrates sucrose and raffinose. These findings support the hypothesis that the retention of glycoproteins in the yeast cell wall may be caused by a permeability barrier towards larger glycoproteins. The amino-terminal end of inulinase was determined and compared with the amino terminus of the closely related invertase. The kinetic and structural evidence indicates that in yeasts two distinct ,3-fructosidases exist, namely, invertase and inulinase.
In yeasts, two extracellular glycoproteins are known to be associated with growth on sucrose: invertase (EC 3.2.1.26), e.g., in Saccharomyces cerevisiae, and inulinase (EC 3.2.1.7), e.g., in Kluyveromyces marxianus. These enzymes exhibit corresponding hydrolytic activities towards sucrose but differ in their specificities for higher-molecular-weight oligosaccharides and fructans of the inulin type (17, 33) . The S/I ratio (relative activities with sucrose and inulin) is generally employed to discriminate between invertase and inulinase (33, 37) . A low S/I ratio (high activity with inulin) is taken to indicate inulinase.
Originally, the classification of inulinases was based on the occurrence of specific enzymes in bacteria, molds, and plants. These inulinases rarely show activity with sucrose and split fructans of the inulin type either endo-wise or exo-wise, producing a series of oligofructans or only fructose, respectively (11, 15, 16, 33, 37) . In contrast, yeasts produce inulinases capable of hydrolysis of inulin and levantype fructans exo-wise as well as of sucrose hydrolysis. Differences in S/I ratios and in apparent kinetic constants are considered by some authors to be insufficient for a distinction between yeast inulinase and yeast invertase. In the view of these authors, inulinase is a special kind of invertase and should be classified as such (2, 21, 32) .
A considerable amount of research has been devoted to the invertase of S. cerevisiae because it appeared to be an attractive model for studies on protein synthesis and excretion of glycoproteins (6, 7, 12, 13, 18, 24, 29, 30, 35) . Secreted invertase resides mainly in the cell wall as an octamer (1, 13) . The small amount of invertase present in the culture fluid, as well as the fraction that is removable from the cells by treatment with thiols, was found to be composed of dimers. It has been suggested that oligomerization helps to retain the enzyme within the cell wall (13) .
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Similarly, the inulinase of yeast is in part associated with the cell wall, but, in contrast to the invertase of Saccharomyces, much more of the enzyme is actually secreted into the culture fluid. When grown under conditions which derepress enzyme synthesis, the yeast K. marxianus secretes over 50% of its enzyme into the culture fluid and 35% can be released from the cell wall by sulfhydryls (23, 32) . In contrast to the biochemistry of the invertase of Saccharomyces, very little is known about the biochemistry of inulinase. Although inulinases of different yeasts have been partially purified (28, 37, 39) and characterized with respect to their kinetic properties, no information is available concerning their oligomeric structures and molecular weights. During the purification of inulinase, the sucrose-and inulinhydrolyzing activities are never separated. This has led to the conclusion that one enzyme is responsible for both activities and to the assumption that cell wall-associated activity and activity secreted into the culture fluid both represent inulinase, with identical kinetic properties (28, 39) . However, as to the nature of the inulinase, two questions remain to be answered. (i) Do the cell-wall-associated inulinase and the inulinase present in the culture fluid differ in oligomeric structure, like the invertase of Saccharomyces? (ii) Does inulinase, purified to homogeneity, indeed not hydrolyze sucrose?
In order to answer these questions we have not only purified the inulinase associated with the cell wall (cell wall inulinase), but also that present in the culture fluid (supernatant inulinase) of K. marxianus, paying special attention to their oligomeric structures. In this report we also present the amino acid sequence of the amino-terminal end of inulinase. (ii) Cell wall inulinase. Release of cell wall-associated inulinase was induced by suspending the cells (0.2 g of cell paste per ml) in 50 mM potassium phosphate (pH 6) containing 10 mM 2-mercaptoethanol and 10 mM dithiothreitol and incubating for 2 h at 30°C with gentle agitation. The suspension was then centrifuged at 4°C (4,000 x g), and the inulinase-containing supernatant was exhaustively dialyzed against 50 mM potassium phosphate (pH 6.5) and concentrated with Centricon-30 microconcentrators. The concentrated preparation of this inulinase formerly trapped in the cell wall will be referred to as cell wall inulinase.
MATERIALS AND METHODS
To solubilize activity that was still associated with the cells after primarily release of cell wall inulinase, the cells (0.2 g of cell paste per ml) were suspended in 50 mM potassium phosphate (pH 6) containing 10 mM 2-mercaptoethanol, 0.1 M KCl, and 0.1% Triton X-100, and incubated for 4 h at 30°C. After centrifugation (4,000 x g) at 4°C, the supernatant contained the newly released inulinase.
(iii) Cell-bound inulinase. After the removal of cell wall inulinase, the cells still contained inulinase activity. This cell-bound activity could only be solubilized by complete breakage of the cells. Ultrasonic disintegration, performed as described previously (32) (22) in a 3-cm 3.25% stacking gel and a 12.5% running gel. Samples were mixed in a 1:1 ratio (vol/vol) with a buffer containing 0.17 M Tris hydrochloride (pH 6.8), 3% SDS, 30% glycerol, and 10% 2-mercaptoethanol and heated (10 min, 100°C) before application. Gels were stained for protein with Coomassie brilliant blue and for carbohydrate by using the periodic acid-Schiff reagent as described by Beeley (4) . Apparent molecular masses were determined by using commercially available marker proteins as standards (Pharmacia).
Nondenaturing PAGE. For nondenaturing PAGE, essentially the same method was used as for SDS-PAGE except that SDS was omitted from the running buffer and from the sample solution and samples were not boiled before application. Inulinase activity in the gels was detected by using a modification of the method described by Grossmann and Zimmermann (18) . Gels (7%) were incubated at room temperature in a solution of 0.1 M sodium acetate (pH 4.5) with 4% sucrose. After washing (three times, 5 min each) with distilled water, the gels were transferred to 100 ml of 0.5 M NaOH-1 mg of 2,3,5-triphenyl tetrazolium chloride ml-1, and heated over an open flame until coloration occurred.
Staining was stopped by adding excess distilled water, followed by complete fixation of the gel in 10% acetic acid.
Amino acid sequencing. Purified protein was dialyzed against double-distilled water, precipitated with 9 volumes of acetone, and resolubilized in water for amino acid sequencing. Sequence analysis was performed with a gas-phase sequenator (Applied Biosystems model 470A) by using 25% trifluoroacetic acid as the conversion reagent. The resulting phenylthiohydantoin amino acids were analyzed on-line by reversed-phase high pressure liquid chromatography with a phenylthiohydantoin C18 column (2.1 by 220 mm) and a phenylthiohydantoin analyzer (Applied Biosystems model 120A).
Protein determination. Protein was determined by the method of Lowry et al. (25) , by the Coomassie brilliant blue method of Bradford (5), and by total carbon analysis (TOC). From 23 proteins with known amino acid composition (19) 
A Beckman model 915B Total Organic Carbon Analyzer (Beckman Instruments, Inc., Fullerton, Calif.) was used to determine the carbon content of inulinase preparations. As a standard, a 2.137-g liter-1 solution of anhydrous potassium biphthalate (1,000 mg of carbon liter-') was used.
Inulinase assay. Inulinase activity was measured as described previously (32) . One unit of inulinase activity was defined as the amount of enzyme catalyzing the liberation of 1 p.mol of fructose min-' at pH 4.5 and 50°C.
Chemicals. Fructose, sucrose, and 2-mercaptoethanol were from Baker Chemicals BV, Deventer, The Netherlands. Acrylamide, SDS, and N,N'-methylbisacrylamide were from Merck, Darmstadt, Federal Republic of Germany. Dithiothreitol and inulin (chicory root) were from Sigma. Other chemicals were reagent grade.
RESULTS

Purification of supernatant inulinase and cell wall inulinase.
Preliminary experiments indicated that the inulinase of K. marxianus could not be precipitated conveniently by ammonium sulfate. Inulinase present in the culture fluid was therefore concentrated by using a hollow-fiber device.
(i) Anion-exchange chromatography. In two successive runs, performed under exactly the same conditions, 9,400 U of the crude preparation of supernatant inulinase and 10,350 U of the crude preparation of cell wall inulinase were loaded onto a DEAE-Sephadex A-50 column, equilibrated with 20 mM potassium phosphate (pH 6.5), and eluted with a linear NaCl gradient. Supernatant inulinase eluted at 0.2 M NaCl (Fig. 1A) , but the peak coincided with a second, contaminating protein peak. In contrast, Sephadex A-50 gradient elution of cell wall inulinase provided a rapid purification. Most of the contaminating protein did not bind to the column and was eluted before NaCl gradient elution was initiated. The protein peak containing inulinase activity eluted at an NaCl molarity of 0.15 M (Fig. 1B) .
The total enzyme activities recovered after Sephadex A-50 cell wall inulinase (B) were applied to the column equilibrated with 20 mM potassium phosphate buffer (pH 6.5) and eluted with a 0 to 0.5 M linear gradient of NaCl. Fractions (2.3 ml) were collected, scanned for absorbance at 280 nm, and assayed for sucrosehydrolyzing activity (0). Active peak fractions of supernatant inulinase and cell wall inulinase were separated into six pools as indicated.
gradient elution, both of supernatant inulinase and cell wall inulinase, were higher (107 and 129% recovery, respectively) than the total activity originally loaded on the column. Apparently, the anion-exchange chromatography led to removal of constituents of either the medium or the cells that were inhibitory to inulinase. The S/I ratios of the crude preparations of both supernatant inulinase and cell wall inulinase were 13. Inulinase obtained from Sephadex A-50 fractions had an S/I ratio of 13 + 2, and this value appeared constant throughout the Sephadex A-50 inulinase peaks, although at the beginning and the end of these peaks the S/I ratio showed greater deviations. This was probably because of a low inulinase concentration resulting in inulin-hydrolyzing activities which were at the limits of the assay (data not shown).
(ii) FPLC. The Sephadex A-50 inulinase activities were collected as six pools, marked I, II, and III (supernatant inulinase), and IV, V, and VI (cell wall inulinase). These pooled activities were concentrated by Amicon-30 ultrafiltrators, and a portion of each pool was applied separately to an FPLC gel filtration system. The FPLC elution profiles of pools I, II, and III of the supernatant inulinase all showed two major protein peaks, of which only one corresponded with an inulinase activity peak ( Fig. 2A) . The inulinase pools IV, V, and VI of cell wall inulinase appeared to be almost pure. The FPLC elution profiles all showed one major protein peak, corresponding with inulinase activity ( 2B). The inulinases purified by FPLC gel filtration were active towards sucrose as well as inulin, in an S/I ratio of 15 + 2 (results not shown). When compared with protein markers of known molecular weight, the supernatant inulinase eluted as a peak at approximately 180 kDa and the cell wall inulinase eluted as a peak at approximately 450 kDa (Fig. 3) . However, glycoproteins tend to elute earlier from gel filtration columns than globular marker proteins, and hence these apparent molecular masses will be overestimations of the real values (4).
Analytical gel electrophoresis. The isolated peak fractions from FPLC gel filtration of supernatant inulinase and cell wall inulinase were concentrated and analyzed by both SDS-PAGE and nondenaturing PAGE before and after treatment with Endo-H. The protein in the FPLC fractions of cell wall inulinase and the protein in the FPLC fractions of supernatant inulinase both migrated on SDS-PAGE as a polydisperse band between 87 and 102 kDa (Fig. 4, lanes 1  and 5) Supernatant inulinase (128 ,ug ml-'), cell wall inulinase (135 ,ug ml-'), Endo-H-treated supernatant inulinase (65 ,ug ml-'), and cell wall inulinase (65 ,ug ml-') were mixed with an equal volume of sampling buffer and heated at 100°C for S min. Samples (50 ,ul) were then applied to a 12.5% discontinuous SDS-polyacrylamide gel system. Lanes: 1, 2, and 4, cell wall inulinase; 3, 5, and 6, supernatant inulinase. Treatment with Endo-H was performed with native inulinase (lanes 2 and 3) and denatured inulinase (lanes 4 and 6). Molecular mass standards (top to bottom): phosphorylase, bovine serum albumin, ovalbumin, carbonic anhydrase.
hydrate chains, intact supernatant inulinase and cell wall inulinase were treated with Endo-H. SDS-PAGE of the Endo-H-treated inulinases gave more distinct protein bands, with apparent molecular masses of about 72 kDa (Fig. 4,  lanes 2 and 3) . Deglycosylation was verified by staining the gel for carbohydrate. The Endo-H-treated inulinase stained with periodic acid-Schiff reagent, indicating that it still contained carbohydrate. Deglycosylation experiments with Saccharomyces invertase have shown that the susceptibility of oligosaccharides in the native glycoprotein is enhanced by its denaturation (35) . Inulinase samples were therefore boiled in 0.1% SDS before the addition of Endo-H. Depletion of the oligosaccharide chains after denaturation of the inulinases resulted in a sharper resolution of the inulinases. The deglycosylated protein backbones of cell wall inulinase and supernatant inulinase now migrated as one band with a uniform size of 64 kDa (Fig. 4, lanes 4 and 6) . The denatured and Endo-H-treated inulinase failed to stain with periodic acid-Schiff reagent. Apparently, all outer-chain carbohydrate had now been removed from the inulinases. The results of the SDS-PAGE with nontreated and Endo-H-treated inulinase clearly show that intact inulinase contains 26 to 37% of its mass as high-mannose type oligosaccharides linked to asparagine residues on a 64-kDa polypeptide. The native enzymes from culture fluid and cell wall should then represent glycosylated inulinase multimers. To establish the relationship between supernatant inulinase and cell wall inulinase, Ferguson analysis of the purified enzymes was carried out by using nondenaturing gels of different polyacrylamide concentrations and determining the migration distances of the inulinases relative to those of proteins with known molecular weight, as described by Esmon et al. (13 the composition of either the supernatant inulinase or the cell wall inulinase (Fig. 5, lanes 1 and 2 and lanes 3 and 4,  respectively) . Inulinase treated with SDS showed no sucrose-hydrolyzing activity upon native PAGE.
To substantiate that the use of thiols as inulinase-releasing agents did not affect the multimeric structure of the cell wall inulinase, inulinase released by incubating cells for 24 h at 4°C in 50 mM potassium phosphate (pH 6) was purified. After Sephadex A-50 elution and subsequent FPLC gel filtration, the preparation of cell wall inulinase that was obtained showed profiles and molecular weights (as determined by SDS-PAGE) which did not differ from those observed for the cell wall inulinase released by thiols. Nondenaturing PAGE of crude preparations of cell wall inulinase further confirmed that the mode of enzyme release did not affect the structure of native inulinases (Fig. 6, lane  2) .
The use of enzyme release buffer did not result in complete removal of inulinase from the cells: approximately 15% of the total inulinase produced by K. marxianus still remained attached to the cells. Incubation of these cells in a solution containing 2-mercaptoethanol, Triton X-100, and KCl resulted in a further release of inulinase. However, after this treatment, cells still contained 3% of the total inulinase produced. This residual enzyme was solubilized by sonic disintegration of the cells. On nondenaturing PAGE, the inulinase in these preparations showed the same mobility as the cell wall inulinase that was removed from the cell wall by the enzyme release buffer (Fig. 6, lanes 3 through 5) . The sucrose-hydrolyzing activity was verified by running commercially available (Boehringer) extracellular invertase of S. cerevisiae (molecular mass, ca. 800 kDa) on the same gel (Fig. 6, lane 1 chicory inulin could be calculated, as had also been observed for crude inulinase preparations (32) . Because of the low solubility of this fructose polymer, the maximal inulin concentration that can be achieved is well below the apparent Km values.
A major problem in determining specific enzyme activities can be the establishment of protein concentrations. This is especially true in the case of chromophoric proteins and glycoproteins. As a result, large differences between observed and true protein concentrations may occur. Colorimetric protein determinations include peptide-specific reactions, as in the reduction of Folin-Ciocalteu reagent by tryptophan and tyrosine residues in the Lowry method (25) or dye-binding properties in the Bradford method (5). The response of these methods depends both on the nature of the polypeptide and on the presence of either chromophoric groups or carbohydrate chains and may vary with the amount of protein. When using these methods, standardization with proteins of comparable properties is a necessity. On the other hand, the determination of protein concentrations on the basis of the carbon content is independent of the peptide composition or the presence of chromophoric groups, and the method need not be standardized on other proteins. To convert the measured carbon content of a purified glycoprotein preparation into the protein content, only the degree of glycosylation should be known (see Materials and Methods).
As expected, the values obtained for the specific inulinase activities strongly depended on the method employed to determine protein concentrations in the inulinase solutions. Significant differences in the obtained specific activities were observed between the Lowry method, the Bradford method, and the TOC method. The Lowry method tended to give lower values than TOC-calculated activities, whereas the Bradford method gave higher values. With all three methods, the specific activities of the inulinase dimer were higher than those of the inulinase tetramer. Assuming a degree of glycosylation of 26%, the specific sucrose-hydrolyzing activities of dimeric and tetrameric inulinase were approximately 1,840 and 610 U mg of inulinase protein-1 and 1,370 and 460 U mg of glycosylated protein-', respectively (Table 1 ). The maximal concentration of chicory inulin that conveniently could be used for measuring the velocity of inulin hydrolysis was 2% (wt/vol). At this concentration, the activities of dimeric inulinase and tetrameric inulinase were 119 and 55 U mg of inulinase protein-1 or 88 and 40 U mg of inulinase-1.
The ratio of the activities of pure inulinase with sucrose and chicory inulin, determined at pH 4.5 and 50°C and at a saturating sucrose concentration and at 2% inulin, respectively, was about 16. This value for the S/I ratio is consistent with that of crude inulinase preparations (32) .
The inulinases had an absorption maximum at 280 nm. Specific absorption coefficients were calculated from the inulinase concentrations determined by TOC and the absorption of inulinase dilutions at 280 nm. These coefficients for solutions of 1 mg/ml (A2O-') were 1.03 + 0.01 and 1.00 0.01 for the inulinase dimer and tetramer, respectively. N-terminal amino acid sequence of inulinase. In order to clarify the relationship between the inulinase of K. marxianus CBS 6556 and the invertase of S. cerevisiae, the amino acid sequence of the N-terminal end of inulinase was ana- lyzed and compared with the amino-terminal sequence of invertase as obtained by Carlson et al. (7) (Fig. 7) . Apart from the serine residue at position 1, of the 20 amino acids determined no two amino acids aligned between the aminoterminal sequence of inulinase and invertase. Thus, there was no homology in the N-terminal sequences. Partial amino-terminal sequence analysis of both the purified supernatant inulinase and the purified cell wall inulinase was conducted. The amino acid sequences of the first 20 amino acid residues of supernatant inulinase and cell wall inulinase were identical. DISCUSSION Structure of the extracellular inulinase of K. marxianus. In the present paper we have presented evidence showing that the inulinase secreted into the culture fluid and the inulinase retained in the cell wall of K. marxianus CBS 6556 have similar subunits, consisting of a 64-kDa polypeptide that contains 26 to 37% of the molecular mass as carbohydrate. The two inulinase forms differ in size because of their differences in subunit aggregation.
Inulinase monomer may contain varying amounts of carbohydrate, as suggested by the diffuse protein bands that ranged from 87 to 102 kDa on SDS-PAGE (Fig. 4) . This outer-chain carbohydrate can be removed by treatment of denatured inulinase with Endo-H, indicating that it is present as high-mannose oligosaccharide chains linked to asparagine residues of the polypeptide chain. The polydisperse behavior of glycoproteins on SDS-PAGE has also been observed with yeast invertase (9, 34) . This dispersity appeared to be an effect of different lengths of the carbohydrate chains and not of differences in the number of carbohydrate chains attached to the invertase polypeptide (9) .
During the first step of purification of the intact inulinases with anion-exchange chromatography, it was obvious that the supernatant inulinase and the cell wall inulinase differed (Fig. 1) (Fig. 3) .
These values coincide with a dimer structure of the purified supernatant enzyme and a tetrameric structure of the purified cell wall enzyme. During purification, the structure of the inulinases did not alter. In addition, the use of 2-mercaptoethanol, in the initial step of inulinase release from the cell wall, did not influence the oligomeric structure of cell wall inulinase. The release of cell wall inulinase by potassium phosphate alone led to the solubilization of tetrameric inulinase. Moreover, inulinase that could only be solubilized by incubating the cells in a buffer containing KCl, Triton X-100, and 2-mercaptoethanol or by cell disruption showed the same electrophoretic behavior on nondenaturing PAGE that purified cell wall enzyme did ( Fig. 5 and 6) . Apparently, the inulinase tetramer is the largest inulinase aggregate present in K. marxianus CBS 6556. The absence of extracellular inulinase monomer as well as activity with any peak smaller than a dimer, as determined by gel filtration, precludes the recognition of activity with the monomeric form of inulinase. Indeed, during purification of supernatant inulinase with FPLC gel filtration, we observed a contaminating protein with an apparent molecular weight of 72 kDa. Although no activity could be measured, this protein could represent inulinase monomer formed by the dissociation of multimer inulinase resulting from shear force and heat formation during concentration with the hollow-fiber device. The occurrence of dissociation of oligomers by heat formation or shear force was recently observed with multimer invertase (9, 13 (40) , and 60 and 80 kDa for Penicillium sp. 1 (27) , and all contained 20 to 40% carbohydrate. Moreover, native inulinase of A. niger appeared to be a tetramer with a molecular mass of approximately 315 kDa (36) , as determined by analytical gel filtration. The molecular masses and the degrees of glycosylation of these fungal inulinases are in the same range as those of the extracellular inulinases of K. marxianus.
Kinetic properties of the extracellular inulinases of K. marxianus. Inulinase dimer and tetramer had identical apparent Km values and specific absorption coefficients at 280 nm, but the specific enzyme activities were different. Recently, we reported on the kinetic parameters of nonpurified inulinase preparations (32) . The apparent Km values of inulinase dimer and inulinase tetramer with sucrose (both 14.6 mM) had not altered during purification. However, an apparent Km of 5.6 mM with raffinose of the purified inulinase differs from the 8.2 mM observed for nonpurified inulinase. The reason for these slightly different Km values is not known (32) .
The specific enzyme activity of inulinase dimer was consistently higher than the specific enzyme activity of inulinase tetramer. Aggregation apparently leads to negative cooperativity for enzyme activity. For the S. cerevisiae invertase, no such difference between specific enzyme activity of invertase dimer and specific enzyme activity of invertase octamer has been observed (13) . The specific enzyme activities of purified inulinases were markedly lower than those reported for crude inulinases (32) . The latter activities were calculated with protein concentrations determined with the Bradford protein assay. The Bradford protein assay underestimates the actual protein content 2.5-to 3-fold as compared with values obtained by the TOC method. As a result, the specific inulinase activities will be too high.
Invertase versus inulinase. In addition to differences in the S/I ratio and the apparent affinity constants, two further differences between yeast invertase and yeast inulinase are encountered when enzyme structures are compared. (i) The 62-kDa polypeptide backbone observed for Endo-H-treated extracellular invertase (9, 35) is slightly smaller than that of the inulinase reported here. (ii) The carbohydrate attached to the polypeptide of invertase accounts for 50% of the molecular mass of invertase (35) , while in inulinase the carbohydrate content is only around 30%. This difference could reflect a smaller number of glycosylation sites in the inulinase polypeptide and thus a dissimilarity in polypeptide structures of the two proteins. Another finding that suggests different polypeptide structures is the low homology in amino acid sequences at the amino-terminal ends of inulinase and invertase. Preliminary experiments with oligonucleotides derived from the amino acid sequence of the aminoterminal end of K. marxianus CBS 6556 inulinase did not result in any detectable hybridization with the genome of various Saccharomyces yeasts (J. Verbakel [Unilever Research, Vlaardingen, The Netherlands], personal communication). The SUC gene family has been reported to be a highly conserved sequence in Saccharomyces yeast (6) . Strong homology has been demonstrated even between the SUC2 gene of S. cerevisiae and the invertase genes of the mold Neurospora crassa (8) and the bacterium Bacillus subtilis (26) . Remarkably, the S. cerevisiae SUC2 sequence hardly hybridized with the genome of the yeast S. kluyveri UCD 51-242 (6) . Further research into the nature of the sucrose-hydrolyzing activity of S. kluyveri showed that this yeast possesses an inulinase, as defined by S/I ratio and behavior on native gel electrophoresis (31) .
Retention of glycoproteins within the periplasmic space of the cell wall of yeasts is thought to be caused by a permeability barrier in the outer regions of the cell wall (13, 20) . Oligomerization of glycoproteins may then play a role in this cell wall retention. Almost all of the invertase produced by S. cerevisiae is ultimately retained in the cell wall as an octameric complex of four invertase dimers. Invertase that is completely secreted into the culture fluid and invertase that can be released by the use of sulfhydryls are invertase dimers (13) . In contrast to the S. cerevisiae invertase, both the cell wall-retained inulinase and the inulinase released from the cell wall of K. marxianus by thiol treatment are tetramers. This probably is a consequence of differences between the two yeasts in susceptibility of their cell walls to sulfhydryls. The cell wall of K. marxianus may be less rigid than the cell wall of S. cerevisiae, and hence treatment with sulfhydryls might result in a more pronounced elimination of the permeability barrier (10, 38) .
Various treatments such as shear force, heat, low-ionicstrength buffer, and sonic disintegration of the cells have been reported to cause disintegration of the S. cerevisiae invertase octamer, resulting in the appearance of dimeric invertase without any change in kinetic parameters (9, 13 
